Introduction
The development of luminescent nanoparticles for biomedical applications has attracted considerable research interest in the past few decades [1, 2] . These luminescent nanoparticles can be used for fabrication of multifunctional nanocomposites, which are potential applicable for biosensors, disease diagnostic and imaging guide treatment and nanotheranostics [3] [4] [5] [6] [7] [8] [9] [10] [11] . Among all of these existed luminescent nanoparticles, fluorescent organic nanoparticles (FNPs) based on dyes with aggregation induced emission (AIE) properties should be the most promising ones because of their outstanding optical properties [12, 13] . As compared with the fluorescent inorganic nanoparticles and FNPs based on conventional organic dyes, the FNPs based on AIE-active dyes possess desirable biocompatibility and biodegradability, well disignability of chemical structure and optical properties and more importantly the obviously enhanced fluorescent intensity in their aggregated state [14] [15] [16] [17] [18] . The unique optical properties of AIE dyes make them very suitable for fabrication of luminescent nanoparticles for biomedical applications [6, [19] [20] [21] . Since the first report of AIE properties of silole by Tang et al. in 2001, the AIE phenomenon has attracted more and more research attention and a large number of materials based on the AIE dyes have been prepared and explored for diverse applications [22] [23] [24] [25] [26] [27] [28] [29] . Especially, the AIE-active polymeric nanoparticles from self assembly of amphiphilic AIE dyes contained copolymers have demonstrated to be more suitable candidates for biological imaging applications because their AIE properties can elegantly and effectively overcome the aggregation caused quenching effect (ACQ) of conventional organic dyes [30] . In recent years, a large number of AIE dyes with different core chemical structure and functional groups have been synthesized [31] . These AIE dyes can be utilized for fabrication of AIE-active polymeric nanoparticles through different strategies such as non-covalent self assembly, polymerization, formation of dynamic Schiff base, ring-opening reaction and supermolecular interaction [32] [33] [34] [35] [36] [37] [38] [39] . Although great progress has been made in the fabrication and biomedical applications of AIE-active polymeric nanoparticles, the synthesis of amphiphilic AIE-active carbohydrate polymers has seldom been reported [14, 40, 41] .
Carbohydrate polymers are an important class of natural polymers that can be obtained from the animals, plants and microorganisms etc. The carbohydrate polymers are abundant in nature, renewable and can be currently or potentially applied in areas such as biomaterials, nanotechnology, drug delivery, food, textiles, tissue engineering and environmental remediation etc. [42] [43] [44] [45] [46] [47] [48] [49] . Among these carbohydrate polymers, dextran is one of the dominated carbohydrate polymers, which have been extensively for biomedical applications due to its high water solubility, biocompatibility, biodegradability and low cost [50, 51] . However, to the best of our knowledge, only very few reports have demonstrated the preparation of AIE-active carbohydrate polymers through covalent linkage [14, 40] . And only very limited reports have reported the fabrication of AIE-active carbohydrate polymers through dynamic bonds or with responsive properties. It is well known that the diol group of carbohydrate polymers can form phenyl borate with phenylboronic acid (PBA), which can response to the stimuli such as pH and glucose. Therefore, the AIE-active carbohydrate polymers with responsive properties can thus be fabricated via formation of phenyl borate [52] .
In this contribution, a rather facile strategy was developed for formation of AIE-active dextran through mixing the AIE dye 9,10-bis (divinylphenylboronic acid) anthracene (An-B(OH) 2 ) and dextran under rather mild experimental conditions. Detailed information for synthesis of phenylboronic acid-terminated AIE dye and preparation of AIE-active dextran was shown in Scheme 1. The resultant products (An-Dex) are tended to self assemble into AIE-active polymeric nanoparticles due to their amphiphilic properties. The resultant AIE-active polymeric nanoparticles were investigated by means of a number of characterization techniques. The biocompatibility as well as cell uptake behavior of An-Dex was further examined to evaluate their biological imaging potential. Considered the responsive properties, the resultant products An-Dex should also be utilized for controlled drug delivery applications.
Experiment

Materials and characterization
All chemical agents were of analytical grade and were used as received without any further purification. All aqueous solutions were prepared with doubly distilled water. 2 and An-Dex was determined by mass spectroscopy. Triple TOF5600+ was operated in positive mode with an ion spray voltage at 2.3 kV. The Fourier transform infrared (FT-IR) spectra were supplied from Nicolet5700 (Thermo Nicolet corporation). 1 H nuclear magnetic resonance (NMR) spectra were recorded on Bruker Avance-400 spectrometer with D 2 O and CDCl 3 as the solvents. Transmission electron microscopy (TEM) images were recorded on a Hitachi 7650B microscope operated at 80 kV. The TEM specimens were got by putting a drop of the nanoparticle ethanol suspension on a carbon-coated copper grid. The fluorescence data were obtained from fluorescence spectrophotometer (FSP, model: C11367-11), which purchased from Hamamatsu (Japanese). The X-ray photoelectron (XPS) spectra were performed on a VGESCALAB 220-IXL spectrometer using an Al Ka X-ray source (1486.6 eV). The energy scale was internally calibrated by referencing to the binding energy (Eb) of the C1 s peak of a carbon contaminant at 284.6 eV.
Synthesis of 9,10-bis (bromomethyl) anthracene
The Anthracene (5.7 g, 32 mmol), (CH 2 O)n (3.6 g), 33% HBr in acetic acid (45 mL), and a catalytic amount of AlCl 3 were stirred for 6 h at 50°C. The resulting solid was washed with water and dried in vacuum one night. The residue product was recrystallized in toluene three times to obtained flaxen solid. Yield 6.7 g (64%). 
Synthesis of 9,10-bis (diethylphosphorylmethyl) anthracene
9,10-Bis (bromomethyl) anthracene (1.2 g, 3.3 mmol) was added to triethyl phosphate (10 mL), and the resulting solution was refluxed for 10 h. The solvent was removed in vacuum and the residue products were purified by a column chromatography on silica gel using ethyl acetate and CH 2 Cl 2 as the eluent. Yield: 0.9 g (65%). 
The preparation of An-Dex
The glycosylated fluorescent nanoparticles with unique AIE feature were prepared via utilizing glucose-responsive property. 50 mg 9,10-bis (divinylphenylboronic acid) anthracene (An-B (OH) 2 ) was dissolved in THF solution. Then adjust pH of resulting solution to 10 by adding potassium carbonate solution and stir for 10 min. Furthermore, Dextran (200 mg) in aqueous solution was charged via a gastight syringe and stir at room temperature for 30 min. Finally the An-Dex would be obtained by rotary evaporation.
Cell viability evaluation of An-Dex
HepG2 Cells were seeded in 96-well microplates at a density of 5 Â 10 4 cells per mL in 160 lL of the respective media containing After that, 10 lL of CCK-8 dye and 100 lL of Dulbecco's Modified Eagle's Medium (DMEM) cell culture media was added to each well and incubated for 2 h at 37°C. Plates were then analyzed with a microplate reader (Victor III, Perkin-Elmer). Measurements of dye absorbance were carried out at 450 nm, with the reference wavelength at 620 nm. The values were proportional to the number of live cells. The percent reduction of WST was compared to the control (cells not exposed to nanoparticles), which represented 100% WST reduction. Three replicate wells were used for each control and test concentrations per microplate, and the experiment was repeated three times. Cell survival was expressed as absorbance relative to that of untreated controls. Results are presented as mean ± standard deviation (SD).
Cell imaging application of An-Dex
HepG2 cells were facilely bred in DMEM, which was supplied with 10% heat-inactivated FBS, 2 mM glutamine, 100 U mL À1 penicillin, and 100 lg mL À1 of streptomycin. Before proceeding experiment of cell imaging, the cell culture should be controlled at 37°C in a similar incubation environment of 95% air and 5% CO 2 in culture medium. In order to maintain the exponential growth of the cells, the culture medium should be updated every three days. Before treatment, cells were seeded in a glass bottom dish with a density of 1 Â 10 5 cells per dish. On the day of treatment, the cells were incubated with An-Dex FNPs at a final concentration of 20 lg mL À1 for 3 h at 37°C. Afterward, the cells were washed three times with PBS to remove the An-Dex FNPs and then fixed with 4% paraformaldehyde for 10 min at room temperature. Cell images were obtained using a confocal laser scanning microscope (CLSM) Zesis 710 3-channel (Zesis, Germany) with the excitation wavelength of 458 nm.
Result and discussion
The successful formation of An-Dex FNPs with AIE-active dyes was confirmed by 1 H NMR and 13 C NMR measurement. As shown in Fig. 1 , the chemical shifts of hydroxyl group in An-B(OH) 2 were around 2.8 ppm, which could confirm that the AIE dye (An-B(OH) 2 ) has been prepared successfully. Compared dextran with An-Dex, it is significant that a series of new peaks appeared around 6.5-8.2 ppm, which come from the aromatic protons of An-B (OH) 2 . Surprisingly, no signals of dextran were detected in the sample of An-Dex, which is mainly ascribed to the poor dispersibility of dextran in the CDCl 3 . The successful synthesis of An-B(OH) 2 was also confirmed by 13 C NMR spectrum (Fig. S3) . However, we have not obtained valid information for the formation of An-Dex based on 13 C NMR spectrum. It is possible due to the poor solubility of An-Dex in CDCl 3 . Furthermore, the MS determination showed that the Mw of An-B(OH) 2 is 515.18 Da, which is well consistent with the theoretical molecular weight based on the formula. In a word, based on the above results, we can conclude that successful preparation of An-Dex via one-step strategy for formation of phenyl borate. Due to the amphiphilic properties of An-Dex, these AIE-active copolymers are tended to self-assemble into nanomaterials in pure aqueous solution. Therefore, the size and morphology of the resultant An-Dex copolymers were characterized by TEM. As shown in Fig. S5 , many spherical nanoparticles with diameters ranging from 200 to 300 nm could be clearly identified. The successful formation of nanoparticles implied that dextran and An-B(OH) 2 have formed the amphiphilic copolymers through simply mixing dextran and An-B(OH) 2 under room temperature and without inert gas protection. During the self assembly procedure, the hydrophobic component An-B(OH) 2 was encapsulated in the core of luminescent nanoparticles, while the hydrophilic dextran was coated on the surface of AIE dye aggregates. It could not only provide the water dispersibility of the obtained nanoparticles, but also endow the biological properties of dextran. The hydrodynamic size distribution of An-Dex in water was determined by dynamic laser scattering (DLS) analysis. Results showed that the size of An-Dex is 272.7 ± 25.8 nm with narrow polydispersity index (PDI = 0.072). It is well consistent the size from TEM characterization. The FT-IR spectra of dextran, An-Dex and An-B(OH) 2 were used to determine their chemical structural information and functional groups. As displayed in Fig. 2 , it is obvious that the peak at 1000 cm À1 could be observed in the samples of Dex and An-Dex, which were attributed to CAO bond of Dex. On the other hand, the IR absorption peak at 3500 cm À1 was found in An-B(OH) 2 and Dex, which can be assigned to the stretching vibration of hydroxyl group. Furthermore, the asymmetric stretching vibration of C-H in the samples of An-B(OH) 2 and Dex can be found at 2840 and 2920 cm
À1
. However, a series of peaks at 700 cm
ascribed to the aromatic ring of An-B(OH) 2 were appeared in An-Dex and the peaks strength of hydroxyl group at 3500 cm À1 decreased significantly in An-Dex, which could give us direct evidence that we have successfully prepared the An-Dex via formation of stimuli responsive phenyl borate. XPS spectra were further recorded to confirm the successful synthesis of An-Dex FNPs. As shown in Fig. 3 , it is obvious that there are the elements including B, C and O in An-Dex samples. Because the dextran is absent of element B, the emergence of B in the sample of An-Dex clearly indicated that An-B(OH) 2 has successfully incorporated into An-Dex through formation of phenyl borate. Then, the content of elements in An-Dex samples was calculated based on XPS analysis ( Table 1) . The An-Dex FNPs are composed with C atom (71.52%), O atom (26.53%) and a fraction of B atom (1.95%). As compared with the pure dextran, the percentage of O is obviously decreased while the content of C is increased. More importantly, the percentage of B in the sample of An-Dex is also significantly lower than that of theoretical value (4.35%) of An-B(OH) 2 . The above comparison evidenced that An-B(OH) 2 has incorporated into dextran through formation of dynamic bond between the phenylboronic acid and diol groups. On the other hand, we could also calculate that the molar ratio of glucose units of dextran to that of AIE dye is about 3 based on the content of C, O and B in An-Dex.
The UV absorption spectrum of An-Dex FNPs in aqueous solution was shown in Fig. S6 . It is obvious that an adsorption peak at 262 nm was appeared in UV absorption spectrum. The adsorption peak at 262 nm should be attributed to the p ? p ⁄ transition of C@C and aromatic rings. On the other hand, due to the light scatting of An-Dex, the UV absorbance was raised from 500 to 200 nm, indicating that the An-Dex have formed nanoparticles in pure aqueous solution. Furthermore, we could observe the logo ''AB" as background in the inset of Fig. S6 , which demonstrate that An-Dex FNPs possess great water dispersibility. Because An-Dex FNPs contained both hydrophobic AIE dye and hydrophilic carbohydrate polymers, the resultant amphiphilic copolymers would self-assemble into core-shell nanomaterials. The hydrophobic AIE dye An-B(OH) 2 was embedded in the core, which was covered by the hydrophilic dextran. Therefore the final products are expected to emit bright luminescence due to the AIE properties of An-B(OH) 2 (inset of Fig. 4) . The PL properties of An-Dex FNPs were characterized by fluorescent spectroscopy in detailed. As shown in Fig. 4 , maximum emission wavelength of An-Dex FNPs was located at 529 nm, while their maximum excitation wavelength was located at 475 nm. The fluorescence quantum yield (QY) of An-Dex FNPs was determined using quinine sulfate as the reference dye. We demonstrated that the QY of An-Dex FNPs is as high as 28.9%. The photostability is another very important parameter for the biomedical application of An-Dex FNPs. The excellent photostability of AIE dyes based nanoprobes has demonstrated by Tang et al. [14] In their work, the AIE dye TPE was conjugated with chitosan through condensation reaction between the isothiocyanate of TPE and amino group of chitosan. As compared with the fluorescein based chitosan nanoparticles, the TPE-CS showed better photostability when these fluorescent nanomaterials were irradiated with UV lamp. The excellent photostability as well as strong luminescence intensity of AIE dyes based polymeric nanoprobes is very useful for biological imaging applications. In this work, the photostability of An-Dex was also evaluated using continuous UV lamp irradiation. As shown in Fig. S7 , the fluorescent intensity showed only a few decrease after An-Dex water suspension was irradiated by UV lamp for 1 h. These results demonstrated that An-Dex possess good photostability. Taken together, we confirmed that the An-Dex FNPs possess good water dispersibility, high fluorescent QY, unique AIE properties and excellent photostability, implied that An-Dex FNPs are of great potential for biological imaging applications. Cell viability is an important parameter to determine the biomedical applications potential for biomaterials. In this work, the acute cytotoxicity of An-Dex FNPs towards HepG2 cells was examined using CCK-8 assay [53] [54] [55] [56] [57] . As displayed in Fig. 5 , we found that the cell viability values have not changed obviously after cells were incubated with different concentrations of AnDex FNPs for 8 and 24 h. The cell viability values even greater than 100% and all of these values are greater than 90%. The excellent cytocompatibility of An-Dex FNPs is mainly ascribed to the good water dispersibility and biocompatibility of dextran. All of these above results suggested that An-Dex FNPs have high potential for biomedical applications.
Considered the strong fluorescence, high water dispersibility, excellent cytocompatibility as well as the responsiveness of phenyl borate, the cell uptake behavior of An-Dex FNPs was evaluated using CLSM to explore their potential biological imaging applications. As shown in Fig. 6 , intense fluorescent signal was observed in the location of cells after they were incubated with 20 lg mL À1 of An-Dex FNPs for 3 h. Meanwhile, many areas with weak fluorescence intensity were also found in the location of cells, which were surrounded by areas with strong fluorescent signal. These areas with relative weak or no fluorescence should be the location of cell nucleus. Therefore we could conclude that An-Dex FNPs can be internalized by cells and mainly located at cytoplasm. On the other hand, we could also found that the cells still adhered very well to the cell plates and kept their normal morphology (Fig. 6B) , further implied that An-Dex FNPs possess good biocompatibility. Furthermore, the dosage used for cell imaging is only 20 lg mL
, which is much lower than the biocompatible dosage of An-Dex FNPs. The dosage can be further decreased if the surface of An-Dex FNPs was functionalized with targeting agents. Therefore, the An-Dex FNPs should be biocompatibility enough for biological imaging applications. It is well known that phenyl borate can response to both pH and glucose. Therefore, these AIE active FNPs can be potentially used for self report carriers for controlled delivery of biological active agents. Furthermore, the dynamic cross-linked FNPs could possibly overcome the CMC of traditional of noncross-linked AIE active FNPs. They could also display better properties for biomedical applications as compared with the stable cross-linked AIE active FNPs due to the responsiveness of phenyl borate.
Conclusion
In summary, An-Dex FNPs were prepared through a ''one-step" strategy that just need mixing the phenylboronic acid-terminated AIE dye (An-B(OH) 2 ) and dextran under rather mild reaction conditions such as room temperature, air atmosphere, aqueous solution and without using metal catalysts. Results showed that the resultant An-Dex copolymers showed amphiphilic properties and can self assembly into luminescent nanoparticles with size about 250 nm. More importantly, these An-Dex FNPs emitted strong green-yellow fluorescence in pure aqueous solution due to their AIE properties. Furthermore, these An-Dex FNPs exhibited good water dispersibility and biocompatibility due to their surface was covered with the hydrophilic dextran. Cell uptake behavior demonstrated that these water dispersible luminescent nanoparticles can be readily internalized by cells through endocytosis and mainly distributed in the cytoplasm. Finally, to the best of our knowledge, this is the first report for the preparation of AIEactive carbohydrate polymers based nanoprobes through formation of the dynamic phenyl borate. Therefore, An-Dex FNPs should be promising candidates for various biomedical applications for the combination advantages of AIE dyes and dextran. 
